Sandia National Laboratories is investigating linear transformer driver (LTD) architecture as a potential replacement of conventional Marx generator based pulsed power systems. Such systems have traditionally been utilized as the primary driver for z-pinch wire-array experiments, radiography, inertial fusion energy (IFE) concepts, and dynamic materials experiments (i.e. ICE).
I. LINEAR TRANSFORMER DRIVER DESCRIPTION
A linear transformer driver (LTD) voltage adder is comprised of multiple stages of capacitors and switches that are arranged in parallel to increase the energy stored per stage (increase the current), and stages are arranged in series to increase the system output voltage. LTD stages, commonly referred to as "bricks", are arranged in a very similar manner, albeit different geometry, than a single stage of a Marx generator. Two capacitors are charged to equal and opposite voltage and are isolated from each other with a gas insulated, electrically triggered switch. Stages may be arranged in parallel and, for the most efficient geometry, are arranged in a circular array about a central annulus. This arrangement is called a "cavity". The internal components of a cavity are depicted in Figure  1 . Linear transformer driver technology was pioneered at the High Current Electronics Institute (HCEI) in Tomsk, Russia primarily by Kim, Kovalchuk, and colleagues . There has been considerable work over the last 10 years in LTD component development and pulsed power system development [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] .
In this manuscript we do not thoroughly review LTD cavity architecture and electrical operation, nor the potential advantages of LTD architecture for large pulsed power systems over conventional systems because of manuscript length constraints, but the referenced manuscripts provide depth for these discussions.
We introduce a 10-cavity, 1-MA, 1-MV, 0.1-Hz system that is under construction at SNL and provide details for a 2-cavity system for preliminary development.
II. 10-CAVITY VOLTAGE ADDER PULSED POWER SYSTEM LEVEL DESCRIPTION
We are constructing a 10-cavity, 1-MV, 1-MA LTD voltage adder to investigate repetitive pulsed power systems at the 1-TW level. An isometric view of the 10-cavity facility is depicted in Fig. 2 . We will first construct a 2-cavity 0.2-MV, 1-MA, 0.1-Hz, system based on ~1-MA cavities developed at HCEI [25] . A cross section of the 2-cavity system is depicted in Fig. 3 . The peripheral systems described in this section were designed to accommodate a 20-cavity system capable of a repetition rate of 0.03-Hz.
Each cavity contains 40 stages and each stage consists of a pair of General Atomics 35426, 100-kV, 40-nF capacitors switched by an air-filled electrically triggered switch. Each stage is similar to the 0.5-MA cavity stages described in [26] . (There are twice as many stages for the 1-MA cavity). The components internal to the cavity are submerged in Luminol TRi transformer oil manufactured by Petro Canada.
The equivalent capacitance of a cavity is 800-nF with a series inductance of 7.5-nH and series resistance of 15-mΩ. There is a ~1.5-Ω parallel resistive element due to the relatively lossy iron-core utilized in the first system iteration.
In order to achieve a repetition rate of 0.1-Hz, several automated systems are controlled by a central LabView based monitoring system. The shot sequence starts with an already charged system, then; (i) the cavities are triggered; (ii) pulse characteristics are auto-verified to a "normal" pulse; (iii) gas switches are purged; (iv) a corereset pulse is applied to each half of the cavity; (v) the load resistor salt solution is replenished; (vi) the switches are filled with gas; (vii) the cavity is charged for the next shot. If conditions are normal, the sequence repeats every 10-s. If conditions are abnormal the system is made safe.
A pair of cavities is charged via a Glassman ±120-kV, 80-mA (model number PS/SNL120x080) power supply through a Dielectric Science 2121 (59-Ω) coaxial cable. They are isolated from the cavities during triggering via 70-kV Ross relays submerged in Luminol.
The cavities are triggered by a single 40 output trigger generator that is charged in the positive polarity to the same voltage as the cavities. The trigger generator is comprised of 10, 100-kV, 20-nF General Atomics 35404 capacitors and 5, 100-kV, air filled switches (similar to the cavity switches, except triggered differently). The trigger generator is triggered by a cable pulser that is DC charged and shorted at one end. Four trigger generator cables trigger each cavity (10 switches per trigger cable) via a continuous trigger bus internal to the cavity.
The air filled switches are arranged in 8 groups of 5 switches. They are purged via an open valve on the output side that exhausts the gas into a plenum held at a fraction of an atmosphere (~200-torr). This plenum is ~4160 liters (1100 gallons) and is pumped by 3 Sogevac SV630 pumps capable of ~700 liters per second (~1500 cfm) in the ~200-torr range. The system air is supplied by an Atlas-Copco dry air compressor model ZR75 at rate of ~194 liters per second (~411 cfm) that pressurizes a 2650 liter (700 gallon) air storage plenum to 7.5 atm (122 psia). The pressure at each cavity is regulated by a Proportion Air QB3 regulator controlled by the LabView system. The magnetic cores of the cavities are reset between shots to prevent core saturation over time. They are constructed of 50-µm iron tape, sandwiched between 12-µm thick, 22-µm wide Mylar film insulation for a total iron cross section of 64-cm 2 . The volt-second product for the cores on the single side of cavity is ~20-mV⋅s. They are reset via a ~2 kA pulse that rises in ~35-µs and decays to zero in ~0.5-ms. The core is reset between each shot.
III. 2-CAVITY VOLTAGE ADDER ELECTRICAL CHARACTERISTICS
The cathode stalk of the coaxial adder is tapered to match the impedance of the driver at each cavity. The optimized impedance at the n c cavity is given by [34] : where r 0 is the fixed radius of the annulus of the cavity and r i is the variable radius of the cathode stalk as a function of cavity position. A short, constant impedance section has 8 diagnostic ports to monitor cathode current and voltage before entering the radial transmission line. The cathode fills with deionized water, both in the A-K and internal to the cathode. A constant gap, increasing impedance, electrically short transmission line transports the power pulse from the cathode to the load. This impedance varies as: where d is the fixed gap distance and r is the cathode radius. A calculation of the impedance as a function of cathode radius is depicted in Fig. 4 . The field along the surface of the anode and cathode of the transmission line is depicted in Fig. 5 . The water breakdown field for the 2-cavity system may be estimated utilizing existing empirical relationships for the breakdown field as a function of pulse width [41] . A summary of a few selected water insulated components from the refurbished Z [42] are depicted in Table 1 and compared to the 2-cavity LTD voltage adder described in this section. By comparison, the LTD system is over 20% more conservative than any system in Z.
The low inductance, radial resistive load is depicted in Fig. 3 . The load is comprised of a radial resistance and inductance in series given by:
and
respectively. It is constructed of a dissolved salt solution to achieve a desired resistance. The load solution is exchanged every shot to maintain a constant load temperature. In principle any alkaline solution may be utilized that has a resistivity range that provides the desired load resistance. A few solution resistivities at the point of saturation in deionized water as a function of water temperature are given in Fig. 6 . In this geometry, utilizing sodium chloride as the alkaline, the load inductance is ~1.1-nH, and the load resistance is readily variable from ~0.1-Ω to ~0.5-Ω. The capacitance at the end of the structure is ~2-nF. A 1-D transmission line circuit model is utilized to simulate the effect of various load resistances on absorbed power or load current [40] . Fig. 7 depicts a range of load powers and currents as a function of load resistance.
IV. FUTURE DEVELOPMENT
We are pursuing LTD architectures for many future pulsed power applications. After pulsed power development, experimentation will continue with demonstration of pulse-shaping capabilities, possibly including an exponential impedance transformer for ICE (current step-up) or radiography (voltage step-up) applications. In parallel with pulsed power development, we will pursue advanced component development. We will also conduct fundamental science experiments with the rep-rate system. Additional experiments will continue with scaling LTDs for petawatt inertial fusion energy and other rep-rate applications. The proximity of the laboratory to Sandia's Z machine and Z-beamlet allows for future capability expansion.
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